A stable three-coordinate dimethylberyllium species coordinated by the 1, 3-bis-(2,4,6-trimethylphenyl) 
Introduction
While the last decade has witnessed significant advances in the chemistry of the heavier alkaline earth elements (Mg, Ca, Sr and Ba), 1 their lightest congener, beryllium, maintains its role as the black sheep of the family. Central to recent progress in heavier group 2 element -2-reactivity has been the exploitation of well-defined molecular hydride species 2 such as the -hydrido magnesium and calcium -diketiminate derivatives, [HC{(Me)CN (2,6- i Pr2C6H3}2MH(THF)n]2 (M = Mg, n = 0; 3 M = Ca, n = 1 4 ) and several magnesium hydride cluster molecules supported by either polynucleating -diketiminate or neutral N-heterocyclic carbene (NHC) ligands. [5] [6] [7] Although the synthesis and structural characterization of several molecular beryllium monohydrides has been described during the past four decades, 2, [8] [9] [10] [11] [12] [13] [14] [15] [16] impeded by its reputation as the among the most toxic of the non-radioactive elements, 17 concerted study of the reaction chemistry of even these simplest beryllium derivatives has been unsurprisingly sporadic. Derived from the smallest group 2 element, however, the Be 2+ cation may be expected to display unique characteristics as a consequence of its high charge density and resultant polarizing capacity, variations of which have been implicated in the ability of its heavier congeners to effect a variety of cross metathetical 18 and heterofunctionalization catalyses.
1,19
Motivated by these considerations, we have previously described attempts to synthesize a NHC-supported molecular beryllium dihydride by silane metathesis with the three-coordinate dimethyl species [Me2Be·(IPr)] (I, IPr = 1,3-bis(2,6-di-iso-propylphenyl)imidazol-2-ylidene). 20 Although reaction with one stoichiometric equivalent of PhSiH3 was observed to proceed with the smooth formation of the desired methyl monohydride derivative, [Me(μ-H)Be·(IPr)]2 (II), further attempts to form the putative dihydride species were thwarted by a previously unobserved NHC degradation pathway in d8-THF at 80 o C over 6 hours involving ring opening by C-N bond cleavage of the imidazolylidene framework to form the heterocyclic organoamido species III (Scheme 1). 21 Subsequent to this initial report the groups of Rivard and Radius described analogous reactions between IPr and the aminoborane, [H2B(NHDipp)] (IV), 22 and 1,3-dialkyl-and 1,3-diarylimidazolin-2-ylidenes and PhnSiH4-n (V, n = 1, 2, 3,) 23 respectively, although these reactions required higher temperatures (100 o C) and longer reaction times (up to 3 days) to proceed. Computational analyses by Dutton, 24 Su, 25 Fang 26 and Brown 27 of the silane-and borane-mediated processes have highlighted a common mechanism involving initial hydrogen atom migration to the carbene carbon followed by ring expansion through insertion of the main group hydride into the ring prior to the hydrogen transfer process.
Dutton and co-workers deduced a similar mechanism for the beryllium-centered reaction based on calculations performed on a simplified model featuring IMes ligands (IMes =1,3-bis-(2,4,6-trimethylphenyl)imidazol-2-ylidene), and from a starting point of our initial postulate that the ring opening reactivity occurs via the in situ formation of a 
Results and discussion
The IMes-stabilized dimethylberyllium NHC adduct, 1, (IMes = N,N'-bis (2,4,6- trimethylphenyl)imidazol-1-ylidene) was synthesized by a salt metathesis route in diethyl ether, following the same procedure used to obtain I (Scheme 2). 20 Extraction into toluene and filtration away from the dense white LiCl precipitate yielded a clear yellow solution. Symmetry transformations used to generate equivalent atoms in 2: #1 -x,-y,-z+1 #2 -x+1,-y+1,-z+1.
Highly air-sensitive single crystals of compound 1 suitable for X-ray diffraction analysis were obtained from saturated toluene solutions stored at low temperature. The structure of compound 1 is displayed in Figure 1 and selected bond lengths and angles are provided in Table 1 As was the case for I the reaction between 1 and two equivalents of phenylsilane in toluene at room temperature did not yield the desired dihydridoberyllium compound but the dimeric NHC-stabilized methylhydridoberyllium compound, 2, together with one equivalent of the metathesis by-product PhSiMeH2. In contrast to the analogous IPr compound, II, which was virtually insoluble in both non-coordinating and coordinating hydrocarbon solvents, precluding the acquisition of meaningful 13 C NMR data, compound 2 was fully soluble in C6D6 and d8-toluene. suggesting some loss of delocalization. While NHC compounds have been shown to be generally stable under catalytic conditions, they are also susceptible to various decomposition processes involving C-H, C-C and C-N bond-activation reactions at peripheral and exocyclic positions. 21 The reactions leading to compounds III and 3, however, are particularly unusual as they involve loss of possible aromatic character, reduction of the carbene carbon atom, and ring expansion. The C-C and C-N bond lengths and angles within the alkylamido ligands in the borane and silane ring opened products (IV and V) are closely comparable to those in compounds III and 3. Hydrogen atoms omitted for clarity, except for those on the methylene carbon C3.
It is notable that the amidoalkylberyllium fragments of compounds III and 3 are isomeric to the target [H2Be·(NHC)] compounds. The presence of a second equivalent of unreacted IPr or IMes ligand to complete the beryllium coordination sphere therefore requires the formal loss of "BeH2" during the reaction. Indeed, examination of the 9 Be NMR spectra for the in situ formation of both III in d8-THF and 3 in d8-toluene revealed additional resonances at 0.7 ppm and -3.9 ppm, respectively, alongside the broad singlet of the alkylamidoberyllium compounds at 16.9 ppm (compound III) and 11.0 ppm (compound 3). In the case of the formation of compound 3 this additional resonance appeared as a poorly defined multiplet, indicating likely 1 H- 9 Be coupling. Although it seems likely that a solvated mononuclear constitution for BeH2 is readily attributed in a coordinating solvent such as THF, solutions in less basic hydrocarbon solvents do not appear to have been studied. Crystalline beryllium hydride has been shown to comprise a body-centered orthorhombic unit cell, containing a network of corner-sharing {BeH4} tetrahedra, 31 while studies of the amorphous form also find that it consists of a network of corner shared tetrahedra. 32 It seems likely, therefore, that smaller oligomers built around similar interactions are likely to persist under the conditions of the formation of the compounds III and 3 in non-basic media. Repetition of the reaction with two equivalents of PhSiD3 in place of PhSiH3 led to the exclusive formation of [D2]-3, comprising a fully deuterated berylliumbound methylene fragment. In this case the 9 Be NMR resonance of the "BeD2" by-product appeared as an ill-defined multiplet at -1.4 ppm. The slight downfield shift of this 9 Be nucleus compared to "BeH2" is consistent with its interaction with the marginally reduced effective -10-nuclear charge of the deuteride ligands. Furthermore 2 H NMR data revealed, alongside the deuterated methylene resonance of 3 (2.11 ppm) and the resonance of the PhSiMeD2 byproduct (4.38 ppm), a third resonance at 1.20 ppm which may be attributed to "BeD2" (see Figure S1 in Supporting Information). Unfortunately 1 H- 9 Be HMQC experiments failed to confirm the location of the corresponding, presumably highly broadened, hydride resonance in the 1 H NMR spectrum.
In an analogous fashion to compound III, compound 3 was also formed through heating a C6D6 Large crimson single crystals of compound 4 were obtained from a saturated toluene solution at room temperature over several days. The structure of compound 4 is displayed in Figure 5 while selected bond lengths and angles are provided in Table 2 Hydrogen atoms omitted for clarity, except for that on the methine carbon C3. Hydrogen atoms omitted for clarity.
Conclusion
We have observed that dimethylberyllium NHC adducts are stable species and readily form the methylhydrido derivatives upon silane-mediated methyl for hydride exchange. Attempts to synthesise the corresponding molecular dihydrides were unsuccessful, however, and resulted in the formation of heterocyclic beryllium organoamides as a consequence of hydride transfer to the donor carbon atom of a coordinated NHC ligand. In agreement with previous -16-calculations, we suggest that this process is likely to occur via the formation of a fourcoordinate bis-NHC beryllium dihydride, whereupon the steric congestion of the Be center is sufficient to induce hydride transfer. This latter deduction is supported by the observation that similar ring opened products, but derived from methyl and hydride transfer, are available through the introduction of a further equivalent of NHC to the isolated beryllium methyl hydride species. In this latter case, however, the ring opening process is more facile, which we ascribe to the greater relief of steric pressure achieved after the formation of four-coordinate beryllium. Schlenk-type redistribution is evidently a vital process throughout this chemistry, both between the individual Be centers and between the beryllium hydride and silane reaction partners. Although the full scope of this reactivity requires further investigation, these unusual transformations and the fragmentation process leading to compound 6 suggest that beryllium hydrido and organometallic species are worthy of more concerted study than that currently sanctioned by their somewhat fearsome reputation.
Experimental Section
All reactions dealing with air-and moisture-sensitive compounds were carried out under argon -19-
X-ray Crystallography
Data for compounds 1 -4 and 6 were collected at 150 K on a Nonius KappaCCD diffractometer equipped with an Oxford Cryosystem, using graphite monochromated MoK radiation (λ= 0.71073 Å). Data were processed using the Nonius Software. 34 Crystal parameters and details of data collection, solution and refinement for the compounds are provided in Table S1 in the supporting information to this paper. Structure solution, followed by full-matrix least squares refinement was performed using the WINGX-1.70 suite of programs throughout. 35 Due to a very weak diffracting crystal data of 6 were truncated to 48º in 2.
Supporting Information
Crystallographic information files (CIF) for 1 -4 and 6 details of the X-ray analyses (Table S1) and additional figures of selected NMR spectra. This material is available free of charge at http://pubs.acs.org. 
